[1] Using spontaneous rupture models with off-fault elastoplastic material response, we investigate the deformation of compliant fault zones induced by nearby earthquake ruptures in a two-dimensional plane-strain framework. We find that dynamic stresses from nearby ruptures can produce inelastic strain along some portions of a fault zone that experience dilatational stress changes, if the fault zone rock is close to failure in the prestress field. Accumulation of inelastic strain causes dramatic variations in particle velocity across the fault zone, reversing the sense of fault-parallel relative motion from retrograde (opposite to the long-term geologic slip) to sympathetic (consistent with the long-term slip) during the dynamic process. In the static displacement field of a roughly parallel strike-slip fault system, the inelastic response of a fault zone results in sympathetic motion, while the elastic response generally gives rise to retrograde motion. Our theoretical investigations reveal that some deficiencies may exist in applying an elastic inhomogeneity model to infer fault zone properties in previous studies, including the assumption of negligible fault-normal motion and ignorance of changes in some components of the stress tensor. These deficiencies and possible constraints on the in situ stress state by inelastic strain signals in the static displacement field call for a reexamination of existing observations of fault zone deformation induced by recent large earthquakes.
Introduction
[2] A fault interacts with nearby faults through the stress field. An earthquake on a fault causes the static and dynamic stress changes in the surrounding region. The stress changes on nearby faults may trigger seismic slip, resulting in increase in seismicity [e.g., Gomberg et al., 2001] , or induce aseismic slip that gives rise to transient deformation signals [e.g., Smith and Wyss, 1968] . Anomalous displacements across nearby active faults in the static displacement field of recent large earthquakes are detected by the interferometric synthetic aperture radar (InSAR) technique [e.g., Price and Sandwell, 1998; Sandwell et al., 2000; Wright et al., 2001] . The observed displacements demonstrate that some portions of the faults experience retrograde motion, which means the sense of motion across the faults is opposite to that of the long-term geologic slip. If these ground-surface displacements were caused by triggered subsurface seismic slip on the preexisting faults, as proposed in early InSAR studies [Price and Sandwell, 1998; Sandwell et al., 2000; Wright et al., 2001] , the retrograde motion requires that both the preseismic shear stress and the static frictional coefficient on these faults be considerably lower than those predicted from Byerlee's law. Only under such conditions, the dynamic shear stress from nearby earthquakes can reverse the sign of the shear stress to cause back slip on the faults. A more reasonable explanation for the observed displacements is that they represent response of compliant fault zones, in which elastic moduli are reduced significantly relative to surrounding host rocks, to stress changes caused by nearby earthquakes [Fialko et al., 2002; Fialko, 2004; Cochran et al., 2009; Duan, 2010] .
[3] Fault zones with reduction in seismic velocities relative to host rocks were first detected by seismic trapped waves along the San Andreas fault two decades ago [Li et al., 1990] . They have also been deduced by seismic studies along the Anza segment of the San Jacinto fault [Li and Vernon, 2001] , the rupture zones of the 1992 Landers [Li et al., 1994a [Li et al., , 1994b [Li et al., , 2000 Peng et al., 2003] , the 1995 Kobe [Li et al., 1998 ], the 1999 Hector Mine [Li et al., 2002] , and the 1999 Izmit earthquakes. Reductions of seismic velocities within these fault zones relative to surrounding host rocks are 20-40% on average. The seismically determined low-velocity fault zones correlate well with tabular damage zones observed at field sites on exhumed fault zones [e.g., Chester et al., 1993; Chester and Chester, 1998; Ben-Zion and Sammis, 2003 ]. Existence of low-velocity, damaged fault zones revealed by seismic and geologic studies lends support to the latter explanation of the observed anomalous displacements, which have been further used to infer the properties of compliant fault zones, including the reduction in rigidity and the width and the depth extent of compliant fault zones by InSAR studies [Fialko et al., 2002; Fialko, 2004; Cochran et al., 2009] .
[4] The above cited InSAR studies have considered that response of compliant fault zones to nearby earthquakes is linearly elastic and the displacements observed across the zones were caused solely by the static coseismic stress changes. This may be termed as the elastic inhomogeneity hypothesis for the observed displacements [Fialko et al., 2002] . However, Vidale and Li [2003] reported that the 1999 Hector Mine earthquake caused a temporal reversal of the healing process along a portion of the Landers fault zone, which is 20-30 km away. They explained the reversal of the healing process as damage to the Landers fault zone from the Hector Mine event. They argued that the damage was primarily induced by the dynamic stresses associated with strong seismic waves from the Hector Mine rupture. This observation strongly suggests that response of compliant fault zones may be well beyond linear elasticity under some conditions.
[5] Duan [2010] explores conditions and consequences of inelastic response of compliant fault zones to nearby earthquakes using dynamic rupture models. He finds that the dynamic stresses from nearby ruptures may cause portions of compliant fault zones that experience extensional changes in the mean stress (thus decrease in strength) to yield, when the preseismic stress level is close to the strength of the fault zone rock. He further finds that in a parallel fault system, the inelastic response of compliant fault zones results in sympathetic motion (i.e., consistent with the long-term geologic slip) across the zones, while the elastic response induces retrograde motion as the previous InSAR studies proposed.
[6] In this study, we first extend the work by Duan [2010] to explore how the inelastic response along some portions of compliant fault zones results in sympathetic motion, while the elastic response gives rise to retrograde motion along the rest of the fault zones. Then we examine from a theoretical point of view that how well the elastic inhomogeneity hypothesis, which has been used in previous InSAR studies [Fialko et al., 2002; Fialko, 2004; Cochran et al., 2009] , works in estimating fault zone structure and properties.
Method and Models
[7] Recent advances in earthquake source models allow us to simulate spontaneous dynamic rupture on faults with inelastic material rheology in the medium [e.g., Andrews, 2005; Duan and Day, 2008; Duan, 2008a Duan, , 2008b Templeton and Rice, 2008; Ma, 2008 Ma, , 2009 . In this study, we use an explicit finite element method EQdyna [Duan and Oglesby, 2006; Duan and Day, 2008] to perform simulations of dynamic rupture and wave propagations in the models. Faults in the models are represented by split nodes and a pair of split nodes interact with each other through a traction. A formulation [Day et al., 2005] of the traction-atsplit-node (TSN) method [e.g., Andrews, 1999] is used to treat the faulting boundary. The traction can be resolved into fault-normal and fault-shear components. The magnitude T t of the fault-shear components is bounded by the frictional strength t c = −mT n , where m is the frictional coefficient and T n is the fault-normal component of the traction (positive in tension). When T t reaches t c at a point on the fault, the point fails and sliding between the pair of split nodes occurs. The frictional coefficient m drops from the static value m s to the dynamic value m d over a critical slip distance D 0 by following a slip-weakening law,
where d is slip at the point on the fault.
[8] To capture possible inelastic deformation in the medium, we adopt a Mohr-Coulomb yield criterion to characterize elastoplastic behavior of the material. We consider plastic yielding as an approximate continuum representation of the brittle damage mechanisms that dominate nonlinear deformation in the upper crust. The criterion requires that at a point in the medium, the shear stress t and normal stress s n (positive in tension) resolved onto any plane satisfy
where c and are cohesion and the internal friction angle, which are material properties. When the stress state at a point does not violate the criterion, material deforms elastically. When the elastically determined stress field at a point violates the criterion, the stress components are adjusted so that equality in equation (2) holds. The adjustment to each stress component is used to calculate the increment of the corresponding plastic strain component.
[9] We work on hypothetical two-dimensional (2-D) plane-strain models in this study to facilitate discussion. As shown in Figure 1 , a right-lateral strike-slip fault is embedded in an inhomogeneous medium. The origin of the coordinate system in the models is at the hypocenter and the x and y coordinate axes are parallel (positive east) and perpendicular (positive north) to the fault, respectively. Deformation only occurs in the x-y plane and the relevant stress components are s xx , s yy , s xy . The Mohr-Coulomb criterion (2) can be rewritten [e.g., Duan and Day, 2008] as
The t max is the maximum shear stress at a point, and t Coulomb characterizes the strength of material at the point, which is pressure (i.e., the mean stress s m ) dependent. When the criterion is violated, the stress components are adjusted with two constraints [Andrews, 2005; Duan and Day, 2008] :
(1) there is no change in the mean stress (s xx + s yy )/2, and (2) the shear stress components s xy and (s xx − s yy )/2 are reduced by a common factor. The increment of a plastic strain component is calculated from the adjustment to the corresponding stress component and shear modulus. The plastic strain components are updated from the values at the previous time step and the corresponding increments. The magnitude " p of plastic strain at a time in a dynamic simulation, which is used to quantify inelastic strain at a point, is defined as
Elastoplastic calculations in the medium require that the preevent initial stress field be assigned in the entire model. We assume a uniform initial stress field in this study. In 2-D strike-slip fault models as shown in Figure 1 , we consider the plane under investigation is buried at certain depth, which gives the level of the mean stress s m 0 in the initial stress field, where the superscript 0 represents the corresponding value in the initial stress field (same for other terms below). Two orientations of the initial stress field are commonly considered in dynamic source models. One is that the fault orients in the maximum shear direction and the other is that the fault orients at an optimal angle in the initial stress field. For the former case, the initial stress field can be assigned by choosing an appropriate value of s xy 0 (= t max 0 ), while s xx 0 = s yy 0 = s m 0 . For the latter case, the three initial stress components can be determined by first choosing the Figure 1 . Two-dimensional strike-slip faulting geometry in this study and the final displacement field after an earthquake on the fault, which bisects a low-velocity fault zone FZ2 and is denoted by the heavy black line (30 km long): (a) fault-parallel final displacement and (b) fault-normal final displacement. The other two low-velocity fault zones FZ1 and FZ3, within which we do not explicitly place faults in the models, are parallel to FZ2 and 10 km away from the ruptured fault. Three fault zones are delimited by dashed lines. The hypocenter (the star) is the origin of the x − y coordinate system. AA′ and BB′ are two profiles shown in Figure 3 . Shown is the main region of the model, which is surrounded by a much larger buffer region to prevent model-boundary reflections from coming back to the main region. maximum shear stress t max 0 and the static frictional coefficient m s on the fault, in addition to the mean stress s m 0 (see Appendix A), as
Because we primarily examine signals in the static displacement field after a dynamic event, we run simulations long enough to approximately obtain the static solution, in particular for the residual displacement across preexisting fault zones. A large buffer region is used in the finite element mesh to prevent the reflections from the model boundaries from contaminating the deformation field within the main region. An element size of 20 m is used in the main region, while the element size increases gradually in the buffer region away from the main region. Rupture on the fault is initiated by forcing rupture to propagate at a fixed speed (e.g., the half of the shear wave speed of the surrounding rock) within a small nucleation patch, which has a half-length of L c . Outside of this nucleation patch, rupture propagates spontaneously at faster speeds. Rupture stops at the fault ends by a prescribed large m s value (e.g., 1000).
[10] Our target models in this study include three parallel low-velocity fault zones FZ1, FZ2, and FZ3, delimited by the double dashed lines in Figure 1 . The dimension shown in Figure 1 is the main region of the models, which is surrounded by a much larger buffer region in the finite element mesh. The ruptured fault is along the center of FZ2 and is 30 km long. Ruptures start at the middle of the fault and propagate bilaterally. Dynamic simulations are run 40 s to allow the final displacement field to approximate the static displacement field. We do not explicitly place faults (idealized surfaces) within FZ1 and FZ3 in the models, because they do not have effects on the modeling results as long as there is no frictional slip on them, which is the case in this study. The centers of FZ1 and FZ3 are 10 km away from the ruptured fault. To obtain small-scale deformation signals associated with FZ1 and FZ3 from a target model, we run two reference models associated with the target model. In each of them, either FZ1 or FZ3 is absent, while other aspects of the models are the same as those in the target model.
[11] The magnitudes of the mean and maximum shear stresses of the initial stress field generally increase with depth, given hydrostatic pore pressure. We tested several depth values for 2-D strike-slip fault models, including 2, 3, 4, and 6 km. We find that conclusions from the models are independent of depth. In this paper, we present results of the 2-D strike-slip fault models with the initial mean stress s m 0 = −50 MPa, which corresponds to a depth of about 3 km, and the initial maximum shear stress t max 0 = 23 MPa. We mainly work on the cases in which the fault orients at an optimal angle in the initial stress field. We choose the static frictional coefficient m s = 0.7, which is typical for crustal rock, except at the fault ends. Then the three initial stress components can be determined from equation (5) [Andrews, 2004; Day et al., 2005] , which requires a nucleation patch with L c = 900 m.
[12] Choices of the Mohr-Coulomb plasticity parameters (internal friction tan and cohesion c) for the materials are worth to discuss in some detail. We assume the country rock is strong with tan 0 = 0.85 and c 0 = 20 MPa, which gives t Coulomb0 0 = 47.62 MPa with the given initial mean stress. The strength t Coulomb2 0 of FZ2, which surrounds the ruptured fault, should be larger than that of the fault t c 0 = 25.77 MPa in the initial stress field (otherwise rupture cannot spontaneously propagate on the fault). This requires tan 2 > 0.6 if c 2 = ∼0 MPa. We choose tan 2 = m s = 0.7 and c 2 = 0.1 MPa. For the plasticity parameters in FZ1 and FZ3 (assuming they are the same in the two zones, denoted by subscript 1 below), whose response to the rupture is our focus in this study, we perform numerical experiments to search for values that allow plastic yielding to occur in FZ1 and FZ3. Duan [2010] so that the material in FZ1 and FZ3 does not yield in the initial stress field before a rupture starts. These constraints require tan 1 be smaller than 0.55 (with c 1 = ∼0 MPa) for yielding to occur in FZ1 and FZ3. We choose tan 1 = 0.5 in the models and then the range of c 1 for yielding to occur in FZ1 and FZ3 is from ∼0.7 MPa to ∼1.7 MPa. We will present results from models with several values of c 1 in the section 3.
[13] The reduction of seismic velocities in fault zones and the width of fault zones may vary in nature. In this study, we primarily work on the models with the reduction of 30% and the width of 600 m. We also test dependence of the residual displacement across fault zones on these two properties. The properties of the country rock are typical of crustal rocks with density 2670 kg/m 3 , P wave speed 6000 m/s, and S wave speed 3464 m/s. Other parameters are model dependent and will be discussed with the models in section 3.
Modeling Results
[14] In this section, we primarily report results from two types of models. In the first type, inelastic deformation occurs along portions of FZ1 and FZ3 and the rest of the zones respond to nearby rupture elastically. In these models, we explore in detail how the inelastic response results in sympathetic motion across the fault zones, while the elastic response causes retrograde motion. In the second type, plastic yielding does not occur along the entire lengths of FZ1 and FZ3 and thus the response of the zones to a nearby rupture is exclusively elastic. In these models, we examine variations of the residual displacement across the fault zones along strike and evaluate how well the elastic inhomogeneity hypothesis used in previous InSAR studies works. In sections 3.3 and 3.4, we also examine how relative displacements across FZ1 and FZ3 vary with the fault zone width and the reduction in rigidity and dependence of relative displacements on inelastic strain magnitude when response is inelastic.
Concurrency of Elastic and Inelastic Response
[15] We focus on a set of models with c 1 = 1.3 MPa to examine the case with concurrency of the elastic and inelastic response of FZ1 and FZ3. Figure 1 shows the final displacement at the end of the simulation from the target model (with all three zones present), which approximates the static displacement field of a right-lateral strike-slip event on the fault. Signals associated with FZ1 and FZ3 are hardly observable in these images. A reference model without FZ1 and the other reference model without FZ3 are used to extract these signals. To demonstrate that the final displacement approximates the static solution, we show time histories of displacements from the target model and the reference model without FZ1 at a station near FZ1 in Figure 2 . After about 20 s, the displacement curves at the station level off and the displacements asymptotically approach the static solution. In particular, the difference between the target model and the reference model, which we define as the residual displacement that characterizes strain localization associated with the compliant fault zone, appears to stabilize at the later stage of simulations. Although using the final displacement as the static displacement may have some errors, the residual displacement at the end of the simulations represents the static residual displacement with great accuracy in the models.
[16] The final displacements along two profiles (AA′ and BB′ in Figure 1 ) are shown in Figure 3 . It can be seen that the presence of FZ1 (the target model) causes strain localization, illustrated by steeper slopes of the displacement profiles compared with those from the reference model (without FZ1). The residual displacement, obtained by subtracting the displacement of the reference model from that of the target model in Figure 3 , may be better to characterize the strain localization by removing the large-scale deformation signal. By examining the variations of the displacements from the target model or the residual displacements along the two profiles, one can deduce that after the event, FZ1 experiences ∼0.75 cm left-lateral fault-parallel motion (retrograde motion, opposite to the right-lateral initial shear stress direction) and ∼1.13 cm fault-normal contraction along AA′, while it experiences ∼5.88 cm right-lateral faultparallel motion (sympathetic motion, same as the right-lateral initial shear stress direction) and ∼3.08 cm fault-normal extension along BB′. Thus, the sense of fault-parallel and fault-normal motions changes between the two profiles.
[17] Strain localizations along the entire lengths of FZ1 and FZ3 can be clearly seen in the final residual displacement field (Figure 4 ). We use a reference model without FZ1 for the negative y coordinate region and the other reference model without FZ3 for the positive y coordinate region to obtain the residual displacement field. The polarity changes in the fault-parallel and fault-normal motions discussed above occur along both FZ1 and FZ3 and the pattern of deformation along FZ1 and FZ3 is antisymmetric about the ruptured fault. As found by Duan [2010] , the sense of the fault-normal motion (i.e., contraction versus extension) is controlled by changes in the two normal stress components induced by the rupture, while the polarity change in the fault-parallel motion results from concurrency of the elastic and inelastic response of the compliant fault zones. Figure 5 shows changes (final minus initial) of the three stress components in the main region due to the rupture on the fault. Dilatational changes (positive, red) of the normal stress components (Figures 5a and 5b ) in the two dilatational quadrants of the right-lateral rupture cause faultnormal extension across FZ1 and FZ3, while compressional changes (negative, blue) result in fault-normal contraction across the zones. Left-lateral fault-parallel motion along the majority of FZ1 and FZ3 may be explained by left-lateral shear stress change (negative, Figure 5c ) in the zones [Fialko et al., 2002] . However, although shear stress change along the entire lengths of FZ1 and FZ3 is left-lateral, some portions of FZ1 and FZ3 experience right-lateral motion in the static residual displacement (Figure 4 ). These portions are ∼7 km ≤ x ≤ 17 km along FZ1 and ∼−17 km ≤ x ≤ −7 km along FZ3, which correlate well with the portions that experience inelastic deformation (plastic yielding) during the dynamic event ( Figure 6 ). Therefore, response of these portions to the nearby rupture is inelastic, while the rest of FZ1 and FZ3 respond to the rupture elastically. We remark that a higher-resolution (i.e., 10 m element size) simulation (not shown) demonstrates that the localized bands of plastic strain in Figure 6 persist, though they become a little sharper. The elastoplastic laws of the type used here are prone to shear localization [Templeton and Rice, 2008] , in particular when the initial stress level is close to the strength of rocks [Duan and Day, 2008] .
[18] We explore in detail how the inelastic response results in sympathetic motion along the corresponding portions of FZ1 and FZ3, as it may be relatively easy to understand that shear stress drop (e.g., negative change in Figure 5c ) causes retrograde motion along the majority of the fault zones with the elastic response. Figure 7 shows snapshots of the plastic strain rate (magnitude), the plastic strain (magnitude), the fault-parallel (x) and fault-normal (y) components of the residual displacement around FZ1 during the dynamic process. Before 15 s into the dynamic event (e.g., at 10 s, the top images), deformation around the fault zone is elastic (zero plastic strain rate and plastic strain). The fault-parallel residual displacement exhibits left-lateral motion across the fault zone. The fault-normal residual displacement displays the fault-normal contraction and extension that correspond to the compressional and dilatational quadrants of the right-lateral rupture, respectively. At about 15 s, plastic yielding starts to occur at about x = 8 km within FZ1, indicating the dynamic stress from seismic waves causes the stress state there to violate the Mohr-Coulomb criterion. The plastic strain rate increases after 15 s and stays at significant values between x = 7 km and x = 17 km within FZ1 for several seconds (e.g., at 16, 17, 18 s). The plastic strain accumulates and extends within this portion of FZ1 during the time period. No further plastic yielding occurs after 20 s. The fault-parallel residual displacement ( Figure 7c ) varies with time. In particular, the sense of faultparallel motion across FZ1 along the portion reverses the sign owing to plastic yielding at a time between 15 and 16 s: from left-lateral to right-lateral motion. With the accumu- lation of plastic strain, right-lateral motion increases in the amplitude and expands in the extent. The sense of faultnormal motion across FZ1 does not change over time, but the amplitude changes. In particular, the amplitude of faultnormal extension along the portion with plastic yielding increases with the accumulation of plastic strain.
[19] Time histories of displacement at selected stations (see Figures 7c and 7d for the locations) may provide insights into how the sign of fault-parallel motion reverses when inelastic strain accumulates (Figure 8 ). At the x coordinate of Stations S1 and S2, x = −12 km, FZ1 responds to the rupture elastically and the presence of FZ1 results in larger amplitudes of the fault-parallel displacements (target) compared with the case without FZ1 (reference) during the entire period at both stations (Figure 8a ). That is, the residual displacements (target minus reference) at the two stations do not reverse sign during the entire period. The displacement (and also the residual displacement) at S2, which is closer to the ruptured fault than S1, is larger than that at S1, resulting in left-lateral motion across FZ1 at this location. In contrast, the inelastic response of FZ1 at the x coordinate of Stations S3 and S4, x = 12 km, starting at ∼15 s, results in completely different evolutions of the fault-parallel displacements at the two stations (Figure 8b ). At Station S4, which is on the nearside of the middle of FZ1 (relative to the ruptured fault), plastic yielding causes the sign of the fault-parallel residual displacement to flip at about 17 s. On the other hand, at Station S3, which is on the far side of the middle of FZ1, the inelastic response of FZ1 causes a significant increase in the amplitude of the residual displacement during the period between 15 and 20 s, while the sign of the residual displacement does not change. The consequence is that the amplitude of the displacement at Station S3 is larger than that at Station S4 in the target model, though the former is farther away from the ruptured fault. These differential changes in the fault-parallel displacement on the two sides of the middle of FZ1 cause the sign of the fault-parallel motion at the location to reverse from left-lateral before inelastic deformation occurs to right-lateral with the accumulation of inelastic strain. In the static displacement field, FZ1 exhibits sympathetic motion along this portion. Time histories of the fault-normal displacements at the four stations (Figures 8c and 8d) illustrate the inelastic response may cause a larger fault-normal relative motion, but it does not affect the sense of the motion.
[20] Effects of plastic yielding on particle velocity may help understand the above features in the evolution of the displacements at the stations (Figure 9 ). Fault-parallel particle velocity at the stations is negative before ∼15 s. After ∼15 s, it becomes positive, causing decrease in the amplitudes of the displacements (Figures 8a and 8b) . However, inelastic strain in the target model after ∼15 s causes a larger (positive) particle velocity at Station S4 and a smaller (positive) particle velocity at Station S3, compared with those in the reference model, respectively (Figure 9b ). These effects of inelastic strain on particle velocities at the two stations cause the different evolutions of the displacements discussed above.
[21] A noticeable feature in the time history plots of Figures 7-9 is that the occurrence of plastic yielding is not associated with the strongest seismic wave pulses (i.e., the largest peaks in particle velocities in Figures 9b and 9d) . Rather, it is associated with the peaks of the displacement (i.e., the accumulated deformation). In detail, plastic yielding (Figure 7 ) starts at the time of the largest fault-parallel displacement (i.e., ∼15 s, Figure 8b ). It strengthens with increase in the fault-normal displacement (i.e., from 15 to 16 s, Figure 8d) and stays at high level with large faultnormal displacements (i.e., between 16 and 19 s, Figure 8d ). This implies that damage to fault zones from nearby ruptures may be primarily caused by large deformation (e.g., displacements), not large deformation rates (e.g., velocities) that are associated with strong seismic waves.
Elastic Response Exclusively
[22] We work on a set of models with c 1 = 1.9 MPa (actually any values larger than 1.7 MPa) to examine from a theoretical point of view that how the elastic inhomogeneity hypothesis [Fialko et al., 2002] works.
[23] Exclusively elastic response of FZ1 and FZ3 results in a simpler pattern in the fault-parallel residual displacement (Figure 10a ), compared with the above case with concurrency of the elastic and inelastic response (Figure 4a ): (1) FZ1 and FZ3 experience left-lateral motion along their entire lengths owing to the nearby rupture, (2) variations in the fault-parallel motion along the strike are much smaller, and (3) fault-parallel motion across FZ1 or FZ3 is roughly symmetric about the axis of x = 0 km. The pattern in the fault-normal residual displacement (Figure 10b ) is the same as that of the above case (Figure 4b ), but with significantly smaller fault extension along the portions that experience plastic yielding in the above case.
[24] Static stress changes from the target model in this case (Figure 11 ) is similar to those in the above case ( Figure 5 ). However, there is one noticeable difference that indicates effects of inelastic deformation on the final stress field. Larger stress drop in Ds xy and larger dilatational change in Ds xx can be observed around the portions of FZ1 and FZ3 with plastic yielding in Figure 5 , compared to those in Figure 11 . Therefore, inelastic deformation tends to increase stress changes relative to elastic deformation in fault zones.
[25] On the basis of the elastic inhomogeneity hypothesis, the static stress changes in FZ1 and FZ3 in Figure 11 are responsible for the strain localizations across the fault zones in Figure 10 . We examine here how the hypothesis works using this set of models as an example. Figure 12 shows the residual displacements and the static stress changes along three profiles CC′, DD′, and EE′ across FZ1 (see Figure 10 for locations). The shaded band corresponds to FZ1 prescribed in our model. It is clearly seen that in the 2-D models, the width of the compliant fault zone is clearly delimited by the width of the anomalous displacements in the static residual displacement field. Qualitatively, the amplitudes of Figures 12a and 12b are proportional to the amplitudes of the corresponding stress change in Figures 12c and 12d , respectively. For example, the larger shear stress drop along CC′ (Figure 12c) correlates well with the larger amplitude of the left-lateral motion (Figure 12a ), compared with those along DD′. Decrease in the amplitude of the compressional normal stress change (Figure 12d ) corresponds to decrease in the amplitude of the fault-normal contraction from CC′, DD′, to EE′ (Figure 12b ). It is worth to notice that the amplitude of motion across the fault zone varies along strike as clearly illustrated by the three profiles, though there is no change in the fault zone width and properties. These along-strike variations in the amplitude of across-fault motion are caused by the variations in the static stress changes along the strike of the fault zone.
[26] We quantitatively examine applicability of the elastic inhomogeneity hypothesis by this set of models. We define the relative displacement across a fault zone as the difference in the residual displacement between the two edges of a fault zone, with the sign consistent with that of corresponding stress changes (i.e., right-lateral and extension positive in our models). The relative displacement can be directly "observed" (i.e., a part of the solution from our models) by subtracting the residual displacement at the one edge from that at the other edge of the fault zone. It can also be "predicted" (i.e., calculated from inputs and other outputs of the models independently) by the elastic inhomogeneity hypothesis. On the basis of the hypothesis, the fault-parallel relative displacement D across a fault zone can be predicted by [Fialko et al., 2002] 
and the fault-normal relative displacement C across the fault zone may be predicted by (see Appendix B)
if one considers C to be caused only by the change in the fault-normal stress Ds yy , or
if one considers C to be caused by the changes in both Ds yy and Ds xx , where w is the width of the fault zone, G, E, n are the shear modulus, Young's modulus, and Poisson ratio of the host rock, and corresponding symbols with the superscript are the properties of the fault zone rock. The relative displacements along FZ1 observed and predicted from this set of models are shown in Figure 13 , together with the static stress changes along the middle of FZ1 (i.e., y = −10 km). Notice that the static stress changes may vary across the fault zone (e.g., Ds xy along EE′ in Figure 12 ); we use the values at the middle of the fault Figure 6 . Distribution of the plastic strain magnitude around FZ1 and FZ3 in the model with concurrency of elastic and inelastic response of FZ1 and FZ3. Inelastic deformation (with plastic yielding) occurs along some portions of FZ1 and FZ3, while other portions (white denoting the absence of plastic yielding) deform elastically during the entire dynamic process.
zone to calculate the predicted relative displacements in equations (6), (7), and (8).
[27] Along FZ1, the variations in the observed faultparallel and fault-normal relative displacements follow the variations of the static fault-shear and fault-normal stress changes, respectively. The predicted fault-parallel relative displacement by equation (6) matches well with the observed one along the center portion of FZ1, while misfits exist along other portions (Figure 13a ). The predicted fault-normal relative displacement from the fault-normal stress change Ds yy only by equation (7) appears to overestimate the amplitude of fault-normal motion along the most portions of FZ1, while the predicted curve from Ds yy and Ds xx by equation (8) matches extremely well with the observed one (Figure 13b ).
[28] Overall, the above comparisons between the observed and predicted relative displacements in the set of the models indicate that the elastic inhomogeneity hypothesis generally works well in explaining localized displacements across preexisting faults, if the response of a compliant fault zone to a nearby rupture is elastic. The mismatches in the faultparallel motion in this example may be related to the variations of Ds xy along strike, as equation (6) is derived for a constant value of Ds xy along strike. However, there are caveats in applying the hypothesis. First of all, the faultnormal motion results from both Ds yy and Ds xx , not the fault-normal stress change Ds yy only. More significantly, the assumption that the fault-normal contraction is negligible, which has been used in previous InSAR studies [e.g., Fialko et al., 2002] , may result in a significant overestimation of the reduction in the shear modulus of a compliant fault zone. From equation (6), one can obtain an expression for the shear modulus ratio between the fault zone rock and the host rock [Fialko et al., 2002] :
As we can see from Figure 13b , the fault-normal contraction/ extension can be significant along most portions of a fault zone and cannot be neglected. If one assumes it is negligible and thus an observed horizontal motion in InSAR images is completely fault-parallel, one essentially uses (9) to estimate the shear modulus ratio. This can give a significant overestimation in the reduction of the shear modulus in the fault zone if the profile one uses to infer the ratio is associated with a significant fault-normal motion, as evidenced in Figure 14 . In the model, the ratio is prescribed as 0.49 (i.e., 30% reduction in seismic velocities). Using fault- (9) gives a very good estimation for the ratio along the entire length of FZ1. However, using D* as D in equation (9) can give an estimation of the ratio as low as ∼0.35.
Dependence of Relative Displacement on Fault Zone Width and Rigidity Reduction
[29] We examine how the relative displacement across a compliant fault zone varies with the fault zone width and the reduction in rigidity by using spontaneous rupture models. We work on the case of concurrency of elastic and inelastic response. Relative to the set of models examined in section 3.1, we vary parameter values of FZ1 and FZ3 only while keep those of FZ2 unchanged. In so doing, rupture propagations on the fault embedded in FZ2 are roughly the same. In the set of models in section 3.1, the fault width is 600 m and the reduction in seismic velocities in FZ1 and FZ3 is 30%. We run a second set of models with the same reduction but a narrower width of 200 m, and a third set of models with the same width but a smaller reduction of 15%. These three sets of models are denoted as w600d30, w200d30, and w600d15, respectively. The fault-parallel (D) and fault-normal (C) relative displacements along FZ1 from the three sets of models are shown in Figure 15 . Along the portions with the elastic response (e.g., ∼−20 km ≤ x ≤ 7 km), the narrower fault zone width with the same reduction or the smaller reduction with the same width result in smaller amplitudes of the relative displacements. It is interesting to notice that the curves of the relative displacements (both the fault-parallel and fault-normal components) from w200d30 and w600d15 trace each other along the portions with the elastic response. Along the portion with the inelastic response (i.e., ∼7 km ≤ x ≤ 17 km, Figure 16 ), the narrower fault zone width with the same reduction gives smaller amplitudes of the relative displacements. The smaller reduction with the same width results in a smaller fault-normal motion but a larger fault-parallel motion. The inelastic strain distributions around FZ1 from the three sets of the models (Figures 6 and 16 ) demonstrate a smaller amplitude of plastic strain (i.e., weaker yielding) is associated with the narrower fault zone for the same reduction, while the amplitude of plastic strain is similar for the two different reductions with the same width. We remark that in the latter case we assume the material strength (i.e., internal friction and cohesion) is the same. However, it is more likely that a fault zone with less reduction in rigidity is stronger in nature, thus probably resulting in weaker yielding and smaller amplitudes in both faultparallel and fault-normal motions along portions of inelastic response. 
Dependence of Relative Displacement on Inelastic Strain Magnitude
[30] Given the same fault zone width and rigidity reduction, relative displacements also depend on the magnitude of inelastic strain. We run another two sets of models with only changes in cohesion c 1 in FZ1 and FZ3 (c 1 = 1.5 MPa and c 1 = 1.6 MPa, respectively), relative to the set of models in section 3.1 (c 1 = 1.3 MPa). A larger cohesion in FZ1 and FZ3 results in smaller inelastic strain within a narrower region (Figures 6 and 17) . The relative displacements (Figure 18 ) along the portion with the inelastic response change accordingly. The fault-normal extension decreases in amplitude with smaller inelastic strain. The amplitude of the fault-parallel sympathetic motion also decreases with smaller inelastic strain (from c 1 = 1.3 MPa to c 1 = 1.5 MPa), and very small inelastic strain within a very narrow region is not able to reverse fault-parallel retrograde motion to sympathetic (c 1 = 1.6 MPa).
Discussion
[31] In this section, we first discuss limitations and applicability of our modeling results. Then we elaborate the significance of concurrency of elastic and inelastic response of fault zones to fault mechanics. Finally, we evaluate the elastic inhomogeneity hypothesis and discuss possible deficiencies in previous InSAR studies.
Limitations and Applicability of the Above Modeling Results
[32] Our models in this study are generic and simple. The fault is planar and the initial stress field is uniform. The resulted fault slip (the difference in displacement between the two sides of the fault in Figure 1 ) and the static stress changes (Figures 5 and 11 ) exhibit relatively simple patterns. In natural earthquakes with nonplanar fault geometry and heterogeneous initial stress conditions, such as in the 1992 Landers and 1999 Hector Mine earthquakes, the distributions of fault slip and corresponding stress changes may be complex. However, major findings from these simple models are applicable to more complex cases, in particular, (1) correlations between dilatational mean stress changes and possible inelastic response and (2) correlations between the sense of fault-parallel motion and elastic/inelastic response.
[33] Fault zones are parallel in our models. In more general cases, preexisting faults (and corresponding fault zones) may make arbitrary angles with the ruptured fault. In those cases, shear and normal stress changes can be resolved from the changes of the stress tensor. The resulted stress change Figure 9 . Time histories of (a and b) fault-parallel and (c and d) fault-normal particle velocities at stations S1, S2, S3, and S4 (see Figure 7 for locations) from the target model with FZ1 and the reference model without FZ1. components (one shear and two normal components in 2-D) will be fault zone dependent, though the mean stress change (i.e., the average of the two normal components) does not depend on the orientations of different fault zones. In particular, unlike FZ1 and FZ3 in our models along which shear stress decreases exclusively (e.g., blue in Figures 5c  and 11c ), some portions of fault zones that are highly oblique with the ruptured fault may experience increase in shear stress (e.g., red in Figures 5c and 11c ). As will be further discussed below, increase in shear stress should result in sympathetic motion across fault zones even if the response is elastic, which may add complexity in applying sympathetic motion as an indication of inelastic response in complex fault systems.
[34] Two dimensional nature of the models in this study does not allow us to examine effects of the depth extent of compliant fault zones, which require three dimensional dynamic modeling that is under development. Earlier seismic studies [e.g., Li et al., 1998 Li et al., , 2006 Ben-Zion et al., 2003 ] reported a much narrower width of fault zones (e.g, ∼200 m) than that (e.g., ∼1-2 km) from InSAR studies [e.g., Fialko et al., 2002; Fialko, 2004] . The width of a fault zone in InSAR studies is directly obtained from the width of the anomalous displacement along some profiles across the fault zone [e.g., Fialko et al., 2002] . Our 2-D strikeslip models in this study demonstrate that this procedure works well under the assumption of the two dimensional nature of a fault zone (Figures 3 and 12) . However, the fault zone is assumed to extend infinitely in the third dimension (i.e., along depth) in the 2-D models. This may raise a concern about the procedure in InSAR studies as the fault zone should be limited along depth. This concern will be addressed in 3-D models. Although a recent study [Cochran et al., 2009] attempted to reconcile the discrepancy in the width of compliant fault zones, the 1.5 km width across the Calico fault is primarily required by fitting the InSAR data, while the seismic trapped waves can be fitted by a much narrower zone with a significant reduction in seismic velocities.
Significance of Concurrency of Elastic and Inelastic Response and Implications for Observations in the Eastern California Shear Zone
[35] Concurrency of the elastic and inelastic response along different portions of a compliant fault zone or different compliant fault zones on the two sides of a rupture in a roughly parallel fault system, found in the work of Duan [2010] and analyzed in detail in this study, may provide us a means to constrain the in situ prestress level around a fault zone by integrating InSAR observations with laboratory measurements of the fault zone rock strength. Concurrency of the elastic and inelastic response can be detected by InSAR observations: the elastic response causes retrograde motion across a fault zone, while the inelastic response results in sympathetic motion. If these two types of motions are observed along a fault zone from InSAR images, one might want to measure the strength of the fault zone rock in the lab. The measured strength of fault zone rock can place constraints on the in situ prestress level because inelastic response only occurs when the prestress level is close to (and below) the strength of the fault zone rock. We remark that in complex fault systems within which faults orient obliquely relative to one another, the elastic response may also result in sympathetic motion, as discussed above. In this situation, one should be cautious in inferring whether sympathetic motion is caused by inelastic response or elastic response. However, in many natural fault systems, such as in the Eastern California Shear Zone (ECSZ), most of faults are roughly parallel to one another.
[36] In the models of this study (and of Duan [2010] ), the strength of FZ2 that surrounds the ruptured fault is set to be higher than that of FZ1 and FZ3 that are 10 km away from the fault. As pointed out by Duan [2010] , this choice may be more realistic than the one with the same strength for the three fault zones. The argument is that FZ2 has experienced a longer period of healing (thus stronger) as the fault is at the end of the seismic cycle, which may have a similar time span for nearby parallel faults. For example, it is very likely that the 1992 Landers fault zone is weaker than the 1999 Hector Mine fault zone at the time of the 1999 event. However, if one assumes that the strength of FZ2 is the same as that of FZ1 and FZ3, then observations of concurrency of elastic and inelastic response along nearby fault zones may place constraints on the upper bound of the strength of the ruptured fault, as the ruptured fault (i.e., an idealized surface) must be weaker than the surrounding fault zone rock.
[37] InSAR observations of anomalous displacements across preexisting faults were reported from the static displacement field of the 1992 Landers and 1999 Hector Mine earthquakes in the ECSZ [Price and Sandwell, 1998; Sandwell et al., 2000; Fialko et al., 2002; Fialko, 2004; Cochran et al., 2009] . By assuming pure-strike motion, earlier studies [Price and Sandwell, 1998; Sandwell et al., 2000] reported the sense of displacement switches polarity along different segments of the same preexisting fault or on the same fault segment (i.e., the West Calico) between the two events that occurred on the two sides of the segment. Although these observed polarity switches in the line-of-sight (LOS) displacements may be attributed to the different vertical motions of the fault zones such as uplift versus subsidence, it is possible that the fault-parallel motion also makes contributions to the observed polarity switches. Polarity switches in the fault-parallel motion are indicative of concurrency of the elastic and inelastic response along a compliant fault zone. We propose to reexamine the InSAR observations in the ECSZ from the more complete view of the fault zone response. Results from this reexamination may provide improved estimates of the fault zone structure and properties. Furthermore, possible confirmation of the inelastic response of the fault zones in the ECSZ may allow us to infer the in situ stress state in the ECSZ by integrating InSAR observations with lab measurements of the fault zone rock strength.
Validity of the Elastic Inhomogeneity Hypothesis and Possible Deficiencies in Its Applications in Previous InSAR Studies
[38] The good match in the across-fault zone motion between observed from the models and predicted from the elastic inhomogeneity hypothesis ( Figure 13 ) suggests that in principle the hypothesis works well when compliant fault zones respond to nearby ruptures elastically. On the basis of this hypothesis, the senses of static deformation across a compliant fault zone are consistent with the senses of the static stress changes. In a fault system with faults roughly parallel to one another as in our models, a rupture causes shear stress drop in the most regions surrounding the ruptured fault except at the two ends of the rupture (Figures 5c  and 11c) . Thus, retrograde motion (corresponding to shear stress drop) is expected along the most portions of nearby faults if the response is exclusively elastic, as discussed in section 3.2, though sympathetic motion may also exist in the regions where shear stress increases.
[39] The hypothesis is not valid along portions of fault zones that experience inelastic deformation. Furthermore, even if fault zones respond to a nearby rupture elastically along their entire lengths (e.g., section 3.2), our theoretical models demonstrate that there may be some deficiencies in previous InSAR studies in applying the hypothesis to infer the fault zone structure (i.e., width and depth) and properties (e.g., reduction in rigidity). First, validity of using the width of the high gradient in the satellite LOS displacement [e.g., Fialko et al., 2002] as the width of a compliant fault zone has not been confirmed theoretically. As shown in Figures 3  and 12 , this is valid in a 2-D strike-slip fault system. However, as discussed earlier, this theoretical confirmation in the 2-D models actually raises a concern of its validity in 3-D because the depth extent is finite in 3-D cases. This concern should be addressed by 3-D theoretical modeling.
[40] Second, the assumption that the fault-normal horizontal motion is negligible [e.g., Fialko et al., 2002] may result in a significant overestimation in rigidity reduction in the fault zone ( Figure 14) . As shown in our models, the fault-normal horizontal motion can be comparable in amplitude to the fault-parallel horizontal motion along portions of fault zones that experience large changes in the normal components of the stress tensor (Figures 12 and 13) . Along these portions, we need to take into account both faultparallel and fault-normal horizontal motions in inferring the fault zone structure and properties by the elastic inhomogeneity hypothesis. Another choice in practice may be to choose those portions of a fault zone (e.g., corresponding to the hypocenter segment of the ruptured fault) that do not experience significant changes in the normal components of the stress tensor.
[41] Third, only the fault-shear and fault-normal stress changes are considered in previous InSAR studies [Fialko et al., 2002; Fialko, 2004; Cochran et al., 2009] . However, in predicting the fault-normal horizontal motion by the elastic inhomogeneity hypothesis, we find that both the fault-normal stress component Ds yy and the normal component parallel to the fault Ds xx are needed to match the observed fault-normal motion from the models (Figure 13b) . In essence, we should take into account the changes of the stress tensor in studying the across-fault motion by the elastic inhomogeneity hypothesis (Appendix B). This should also apply to vertical motion in 3-D cases. In previous InSAR studies, the vertical motion of a compliant fault zone is considered to be caused solely by the fault-normal stress change with a formula based on the elastic inhomogeneity hypothesis as [Fialko et al., 2002, equation (4)], where Ds n corresponds to Ds yy in our models, U is the vertical motion of the fault zone, w is the width of the fault zone, and other variables are given earlier. However, assuming that Ds zz , Ds yz , Ds zx are negligible for a strikeslip fault system, we obtain the vertical motion of a fault zone by the elastic inhomogeneity hypothesis as (see Appendix B), where d is the depth extent of the fault zone and the negative sign is needed to make sign convention self-consistent (i.e., dilatational changes in stress and extensions in deformation as positive, which implies that uplift in the vertical motion is positive). Thus, equation (10) not only ignores the other equally important normal component of the stress tensor (e.g., Figure 13d) , it also has an error in using the width rather than the depth extent in predicting the vertical motion. Accordingly, there may be deficiencies in the estimation of the rigidity contrast from the vertical motion by equation (10), which was used as an independent estimate to corroborate that inferred from the fault-parallel horizontal motion. The rigidity ratio from equation (11) with an assumption of u′ = u should be
and should not be [Fialko et al., 2002, equation (5)]
Therefore, the vertical motion (uplift/subsidence) of a fault zone should provide information of the depth extent of the fault zone, which is an important part of the fault zone structure.
[42] Fourth, our theoretical modeling results show that the amplitude of the fault-parallel and fault-normal horizontal motions varies along strike of a fault zone even there is no change in the fault zone structure and properties (Figures 12  and 13 ). These variations in the across-fault zone motion along strike seems to be ignored in previous InSAR studies as they generally worked on one profile along a compliant fault zone to infer its structure and properties.
[43] Overall, our theoretical modeling study demonstrates that the elastic inhomogeneity hypothesis [Fialko et al., 2002] is valid in principle, if compliant fault zones respond to nearby rupture elastically. However, deficiencies may exist in previous InSAR studies in applying the hypothesis to infer the fault zone structure and properties. These deficiencies call for a reexamination of previous InSAR observations for improved assessments of the fault zone structure and properties.
Conclusions
[44] Response of compliant fault zones to nearby ruptures can be elastic or inelastic. When the prestress level is close to the rock strength in a fault zone, some segments of the fault zone may experience inelastic deformation induced by the dynamic waves from a nearby rupture, while the rest of the fault zone deform elastically. The relative displacements across compliant fault zones increase in amplitude with the width of fault zones, the rigidity reduction in fault zones, and the magnitude of inelastic strain. In a roughly parallel fault system, the elastic response causes retrograde faultparallel motion across the fault zone owing to decrease in shear stress, while inelastic response results in sympathetic fault-parallel motion. Inelastic strain in a fault zone causes dramatic variations in particle velocity across the fault zone, reversing retrograde motion prior to inelastic deformation to sympathetic motion after a certain level of the inelastic strain accumulates. Our modeling results show that the elastic inhomogeneity hypothesis proposed in previous studies is valid if compliant fault zones respond to a nearby rupture elastically. However, deficiencies may exist in applying the hypothesis to infer the fault zone structure and properties in previous InSAR studies. The assumption of negligible fault-normal horizontal motion may result in overestimations in the rigidity reduction. Ignoring effects of changes in some components of the stress tensor may give rise to inaccurate estimations of the fault zone properties from the fault-normal motion and the vertical motion.
Appendix A: Setup of Initial Stress for 2-D Dynamic Models by the Mohr-Circle Diagram [45] For a dynamic rupture model with off-fault inelastic deformation, the initial stress field must be assigned in the entire model and the absolute values of all relevant stress components are needed. In a 2-D strike-slip faulting model, one can set up a uniform initial stress field by the Mohrcircle diagram. The uniform initial stress field may be characterized by the relevant two principle stresses s 1 0 , s 3 0 and the angle y between s 1 0 and the fault ( Figure A1a ). It is more convenient in numerical calculations to characterize the stress field by three relevant stress components s xx 0 , s yy 0 , s xy 0 in the x-y coordinate system with the fault along the x axis. In general cases (Figure A1b) , the three stress components can be determined by the mean stress s m 0 , the maximum shear stress t max 0 (the radius of the Mohr circle), and the angle y as 
where the mean stress s m 0 may be chosen to correspond to a certain depth with hydrostatic pore pressure
where r and r w are densities of rock and water, respectively, g is gravity acceleration, and d is depth from the Earth surface.
[46] If one assumes that the fault orients along the maximum shear direction in the initial stress field (Figure A1c 
If one assumes that the fault orients at the optimal angle in the initial stress field (Figure A1d ), the three stress components can be determined by the static frictional coefficient m s on the fault, the mean stress s m 0 , and the maximum shear stress t max [47] Elastic response of a compliant fault zone to static stress changes caused by a nearby earthquake results in localized anomalous displacements across the fault zone.
The anomalous displacements may be characterized by the residual displacements after removing the regional displacement signals that correspond to the case without the fault zone. In a parallel strike-slip fault system, one may assume that only fault-parallel shear (Ds xy ) and two horizontal normal stress components (Ds xx and Ds yy ) experience nonzero changes owing to the nearby rupture, while the vertical normal (Ds zz ) and the other two shear stress components (Ds yz and Ds zx ) experience negligible changes ( Figure B1 ). Assuming linear elasticity and constant stress changes within a portion of the fault zone with a width of w, a depth extent of d, and an along-strike length of h, one can calculate the horizontal relative displacements across the fault zone, which is the difference in the residual displacements between two sides of the fault zone, and the vertical uplift or subsidence of the fault zone relative to the surrounding host rock.
[48] The fault-parallel shear stress change Ds xy causes strike-slip motion across the fault zone. The strike-slip motion across the block will be different for the case with the fault zone and the case without the fault zone (i.e., with the host rock). In the two cases, linear elasticity gives
where G is the shear modulus of host rock, s is the relative strike-slip displacement across the fault zone in the case without the fault zone, G′ is the shear modulus of fault zone rock, and s′ is the relative strike-slip displacement in the case with the fault zone. The relative strike-slip displacement D across the fault zone in the residual displacement field is
Here, the sense of strike-slip motion is the same as the sense of Ds xy (i.e., left-lateral shear stress changes result in leftlateral motion, while right-lateral shear stress changes cause right-lateral motion).
[49] The normal component Ds yy (also the fault-normal component) cause three types of motion: the fault-normal horizontal motion, the fault-parallel horizontal motion and the vertical motion. Following the logic above, we have
for the two cases, respectively. In equation (B3), E and n are the Young's modulus and Poisson ratio of the host Figure A1 . Initial stress setup by the Mohr-circle diagram in 2-D plane-strain models. (a) Principal stresses, fault, and the x − y coordinate system. Stress components in the coordinate system for (b) general cases, (c) fault orienting along the maximum shear direction, and (d) fault orienting at the optimal angle.
rock, and the corresponding symbols with the superscript are those of the fault zone rock. c 1 , t 1 , u 1 are the faultnormal horizontal extension/contraction, fault-parallel horizontal extension/contraction, and uplift/subsidence of the block in the case without the fault zone, and the corresponding symbols with the superscript are those in the case with the fault zone, caused by Ds yy . Here, we assume that dilatational changes in Ds yy and extensional motions (uplift for the vertical motion) of the block are positive. Equation (B3) gives the motions in the residual displacement field caused by Ds yy as Figure B1 . A uniform block with length h, width w, and depth d experiencing uniform stress changes in a strike-slip faulting regime with nonzero changes in the three relevant stress components.
